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© High lamination speed automatic laminator. 

@ An automatic laminator (30) for laminating film on a board 
(40) includes a control unit, input and output roller tables 
(44,46) and a control cabinet. The control unit includes a tacking 
system (39), film supply rolls, takeup rolls, lamination rolls 
(32,34), a cutting system (36,38) and a vacuum system and 
holds the board stationary between the completion of the 
tacking operation and the beginning of the lamination operation 
and starts the lamination at substantially the same position 
where the tacking has been effected, thus improving the 
efficiency of operation and enabling a reduction in the time, 
pressure, and temperature required for the successful perfor- 
mance of tacking. 
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D scription 



HIGH LAMINATION SPEED AUTOMATIC LAMINATOR 



BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates to the automatic 
lamination of circuit boards or other substrates with 
a dry fitm of photopolymer resist material, and more 
particularly, to a tacking and laminating method and 10 
apparatus that enables an increased speed of 
lamination with greater reliability of film adherence to 
the substrates. 

2. Description of the Prior Art 15 
Dry films of curable photopolymer resist material 

have been developed for use in the manufacture of 
printed circuit boards. Such boards have particular 
use in the electronics industry. A particularly 
advantageous form of such film that is available 20 
commerically is disclosed in U. S. Patent 
No. 3.887,450, entitled "PHOTOPOLYMER IZABLE 
COMPOSITIONS CONTAINING POLYMERIC BIND- 
ING AGENTS." U. S. Patent No. 3,887,450 was 
granted to Michael N. Gilano et al. and is assigned to 25 
the assignee of the present invention. As manufac- 
tured, the dry film photopolymer is characterized in 
being easily contaminated. It is also tacky and limp. 
Although tacky, the film is "peelable." This makes it 
possible to use polyethylene cover film for protec- 30 
tion and for facilitating handling. The composite is 
packaged in reels. Typically, such dry films of 
photopolymer have thicknesses of 1.0, 1.5, 2.0, and 
3.0 mils, and have widths in the range of six (6) 
inches to thirty (30) inches. 35 

Machines, termed laminators, are known in the 
prior art for applying dry films of curable photo- 
polymer to the surfaces of each of a plurality of 
printed circuit boards in succession. In one form 
th reof , such laminators utilize a so-called two-step 40 
laminating process consisting, in a first step, of 
pressing in the presence of heat, the leading end of a 
film sheet into pressure sealed contact with the face 
of the board at a forward portion thereof, a step 
referred to hereinafter as "tacking;" and in a second 45 
step, feeding the board, with the film sheet trailing 
behind, between heated pressure or lamination 
roller means for compression bonding of the film 
sheet onto the face of the board, a step referred to 
hereinafter as "laminating." 50 

Thus, as disclosed in U. S. Patents 3,658,629 to L. 
P. Cramer et al.. 4,025.380 to E. T. Bernardo, 
4,650.536 to A. B. Cerasoand 4,659,419 to E. Miyake, 
each of a plurality of blank boards is transferred, in 
turn, to a film web tacking station of the laminator 55 
where the leading end of a continuous length of film 
web is tacked to a forward end portion of the board. 
The board is then transferred to and moved through 
a laminating station, with the film web being pulled 
along, where lamination rolls cause the film web to 60 
become bonded to the board. During the laminating 
operation, the film web is cut to form a film portion of 
predetermined length that matches the length of the 



board. 

Such film sheet portions may simultaneously be 
applied to the opposite sides of the board with each 
film portion being of the same, larger or smaller size 
than that of the board being laminated. As disclosed 
in the aforementioned U. S. Patent 4,650,536 to A. B. 
Ceraso, applying a smaller film sheet portion which 
fits within the perimeter of the board advantageously 
leaves free the edges thereof in which cen tering 
holes may be disposed for use in subsequent 
printed circuit board processing operations. 

It is further known in the prior art, as disclosed in 
the aforementioned U. S. Patent 4,659,419 to E. 
Miyake, to effect the cutting operation of the film 
web without interrupting the laminating operation. 
As there disclosed, the film web cutting system 
consists of a circular rotating cutting blade which is 
moved across the width of the film web while at the 
same time being moved toward the laminating 
station in the same direction and at the same speed 
as the film web is being moved thereto. 

The prior art laminators are characterized in that 
the portion of the film web at the leading end thereof 
that is tacked to the board has a length of a few 
millimeters only. Moreover, the location where the 
end of the film web is tacked to the board is spaced a 
distance of several centimeters from where the 
laminating action begins. Upon completion of the 
tacking operation, the board is pushed forward 
under a lamination roll in the laminating station. This 
action subjects the film web to a pulling force which 
places the film web under tension. Such tension on 
the film web creates a problem, giving rise to a 
critical situation, as there is a tendency for the film 
web to be pulled away from and off the board from 
the region where It had been tacked, laminating 
action not yet having begun, as illustrated herein in 
Fig. 1 of the drawings. 

A critical situation develops also, when a single 
side only of a board is being laminated. In this case, 
the pulling force and resulting tension on the film 
web tends to cause the board to bend. This problem 
is most pronounced with thin boards, as illustrated 
herein in Fig. 2 of the drawings. 

The tendency for such critical situations to 
develop with the prior art laminators requires that 
the tacking be effected under high pressure and 
temperature for a sufficient time to effect a tight 
bond and also places a restriction on the magnitude 
of the force that may be applied to the film web while 
the board Is being advanced toward the laminating 
station, and hence, on the speed at which the board 
may be so advanced. These factors detract seriously 
from the efficiency of lamination and are significant 
in determining the number of boards that may be 
satisfactorily laminated in any given period. 

Another factor that is a determinant of the 
efficiency of lamination is the film web cutting time, 
that is, the elapsed time required for the rotary 
cutting blade to be moved across the width of the 
film web to effect the film sheet portion cutting 
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action. With the rotary blade cutting system of the 
prior art, the elapsed time required for cutting the 
film web Is sufficiently long, being of the order of 
several seconds, that it also is a significant factor in 
determining laminating efficiency, not only in respect 
of reducing the number of boards that may be 
laminated in a given period but also in respect of 
restricting the shortest length of board that may be 
laminated in the machine to a size larger than 
desired. 

Thus, there exists a need and a demand for 
improvement in the method of and apparatus 
employed for tacking, laminating, and film cutting to 
the end of achieving greater efficiency and reliability 
of lamination. The present invention was devised to 
fill the technological gap that has existed in the art in 
these respects. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an 
improved method of and apparatus for tacking and 
laminating film sheet to boards or other substrates 
or support members which avoids the aforemen- 
tioned problems encountered in the prior art in the 
production of film sheet laminated products. 

Another object of the invention is to provide a 
process for laminating a film of material to each 
support member in a succession of support mem- 
bers each of which has a face, a forward end and a 
rearward end, comprising the sequential steps of: 

a) gripping the leading support member of 
the succession of support members and ad- 
vancing such support member to position a 
face portion at the forward end thereof in 
cooperative relation with first and second 
surfaces that alternately are movable toward 
and away therefrom; 

b) supplying a length of film of material having 
a leading end with the leading end thereof held 
adjacent said first movable surface; 

c) initiating relative movement of said first 
movable surface to press the leading end of 
said film into pressure contact with the forward 
face portion of the support member thereby to 
tack the leading end of the film thereto ; 

d) while maintaining the support member 
immobile, initiating movement of said first 
movable surface to effect the separation 
thereof from the forward face portion of the 
support member and subsequently initiating 
movement of the second movable surface into 
pressure contact with substantially the same 
forward face portion of the support member to 
which the leading end of the film had been 
tacked; 

e) advancing the support member relatively 
to the second movable surface with pressure 
contact maintained therebetween, to press the 
film along the length thereof to the face of the 
support member, and 

f) repeating steps (a) through (e) for each of 
the remaining support members in the succes- 
sion of support memb rs. 

Another object of the invention is to provide a 
method of tacking and laminating the leading end of 



a film web to the forward end of a board to be 
laminated that enables, compared to the laminators 
of the prior art, not only a reduction in time required 
for the tacking operation but also a reduction in the 
5 temperature and pressure required for the tacking 
operation. 

A further object of the invention is to provide, in a 
laminator used for production of film sheet laminated 
boards or other substrates or support members, a 
10 method for minimizing the elapsed time required for 
cutting a film web portion from a continuous length 
of film web to form a film sheet without interrupting 
the laminating operation. 

Still another object of the invention is to provide 
15 an automatically operative laminator for carrying out 
the above-mentioned methods. 

In accordance with the present invention, the 
method of tacking and laminating film sheet to 
boards or other substrates or support members 
20 involves the steps of transferring a blank board or 
other support member into cooperative relation with 
a film web supply system of the laminator, tacking 
the leading end of a continuous film web from a reel 
of film to a forward end portion of the board, and 
25 starting the lamination of the film web to the board at 
the same position or region at which the tacking has 
been effected, with the board being held motionless 
between the tacking operation and the beginning of 
the laminating operation. Thus, in the interval 
30 between the tacking operation and the beginning of 
the laminating operation, the film web is not 
subjected to a pulling force, as in the laminators of 
the prior art, which pulling force tends to pull the film 
web off the board from where it has been tacked. As 
35 a consequence, in accordance with the present 
invention, the tacking operation no longer is a critical 
undertaking and can be performed successfully at 
low temperature and pressure and in a minimum of 
time. Pulling force on the film web, as the board is 
40 moved into the laminating mode, is not a factor, as in 
the prior art, in determining the number of boards 
that may be laminated in a given period. Additionally, 
single side lamination of boards is possible without 
any involvement of the bending problem with thin 
45 boards that has been encountered in the prior art. 
The system provided in accordance with the 
present invention for cutting the film web is of the 
shears type. The elapsed time required for cutting 
across the entire width of the film with this cutting 
50 system is extremely short, being about 0.3 seconds. 
This is shorter by about a factor of 10 than the 
elapsed time required by the prior art rotary blade 
cutters. 

The cutting unit in accordance with the invention 
55 is located eccentrically with respect to the lamina- 
tion rolls, making ft possible in one embodiment of 
the invention for the minimum board length to be 
very short, specifically 170 mm. (6.7 inches) in one 
embodiment of the invention. The cutting structure 
60 is simple and very efficient. The cutting blade is 
required to travel a distance of only a few millimeters. 

Thus, the present invention enables the achieve- 
ment of a highly ffici nt lamination operation, as 
tacking and cutting are in no way critical. 
65 While the present invention is described in 
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connection with the application of dry films of 
photopolymer resist material for use in the manufac- 
ture of printed circuit boards, it will be understood 
that the films for application to boards or other 
substrates may be masking or other films or sheets 
and that the boards or substrates to which the film 
sheet is applied may comprise copper laminated 
glass epoxy board, paper board, plastic board, etc., 
in accordance with the application requirements. 
The thickness of the boards or substrates may be in 
the range from 0.1 to 4.0 mm. (0.004 to 0.15 inches). 

The various features of novelty which characterize 
the invention are pointed out with particularity in the 
claims annexed to and forming a part of this 
specification. For a better understanding of the 
invention, its operating advantages, and specific 
objects attained by its use, reference is made to the 
accompanying drawings and descriptive matter in 
which a preferred embodiment of the invention is 
illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

With this description of the invention, a detailed 
description follows with reference being made to the 
accompanying figures of drawing which form part of 
the specification, In which like parts are designated 
by the same reference numbers, and of which: 

Fig. 1 is a schematic illustration typifying the 
tacking and laminating method of the prior art; 

Fig. 2 is a schematic ilustration showing the 
bending of boards, particularly of thin boards 
that is encountered in single side lamination of 
boards employing the prior art tacking and 
laminating method illustrated in Fig. 1 ; 

Fig. 3 is a side view of a laminator con- 
structed in accordance with a preferred em- 
bodiment of the invention; 

Rg. 4 is a schematic Illustration of an 
automatic centering device employed in the 
laminator of Fig. 3 for centering incoming 
boards entering the laminator to be laminated; 

Rg. 5 is a fragmented perspective view 
illustrating an incoming board as being front 
centered by a barrier positioned adjacent a 
lower input roll; 

Rg. 6 is an end view illustrating the front 
centered board of Fig. 5 as being gripped by an 
upper input roll; 

Fig. 7 is an end view illustrating the lower roll 
as rotating and advancing the front centered 
board of Fig. 5 to a tacking and laminating 
station; 

Fig. 8 is a view on a scale larger than that 
shown in Fig. 3 of upper and lower eccentric 
tacking devices and lamination rolls, with the 
tacking devices in tacking position and the 
lower tacking device and lamination roll partially 
broken away; 

Fig. 9 illustrates the positioning of a board to 
be laminated with the upper eccentric tacking 
device and lamination roll stationary, the tacking 
device being in the right position to effect the 
tacking, th lower ecc ntric tacking device and 
lamination roll not being shown; 

Fig. 10 illustrates the approach of the upper 



tacking device to the board; 

Fig. 11 illustrates the setting of the upper 
tacking device apart from the board after the 
leading end of a film of photopolymer resist 
5 material has been tacked to the board ; 

Fig. 12 illustrates the rotation of the upper 
tacking device and the closing of the upper 
lamination roll on the board at the same line 
position or region at which the tacking had been 
10 effected ; 

Fig. 13 illustrates the lamination by the upper 
lamination roll of the film of photopolymer resist 
material to the board; 

Fig 14 is a view illustrating the transverse 
15 cutting of the film by the upper eccentric 

tacking/cutting device; 

Fig. 15 is a fragmented perspective view 
illustrating the rest condition and coupling of 
the film transverse cutting system; 
20 Rg. 16 is a top view showing the relationship 

of the movable and fixed or counter film cutting 
blades in the rest condition; 

Fig. 17 is a top view showing the relationship 
of the movable and counter blades in the 
25 coupled condition; 

Fig. 18 is a fragmented perspective view 
illustrating the film cutting system at the start of 
cutting after coupling; 

Fig. 19 is a top view showing the relationship 
30 of the cutting blades at the start of cutting ; 

Fig. 20 is a top view showing the relationship 
of the cutting blades at the completion of the 
cutting; 

Rg. 21 is a fragmented perspective view 
35 showing the release of the movable blade from 

the fixed blade; 

Rg. 22 is a fragmented perspective view 
showing the return to the rest position of the 
moving unit of the cutting system; 
40 Rg. 23 is a f ragmental perspective view of the 

film cutting ; 

Rg. 24 illustrates the return of the upper 
tacking device and laminating roll to the correct 
position just in time to effect the tacking of the 
45 next board, following in sequence to be lami- 

nated; 

Rg. 25 is a section taken along the lines 25-25 
of Fig. 3 modified, however, for clarity of 
Illustration, to show each of the laminating rolls 
50 in laminating position and with the upper and 

lower eccentric tacking devices rotated to 
extreme upper and lower positions, respec- 
tively; 

Fig. 26 is a schematic perspective view of 
55 mechanism provided in the laminator for open- 

ing and closing the laminating rolls; 

Fig. 27 is a schematic perspective view of 
mechanism provided for effecting rotation of 
the vacuum sectors and of the laminating rolls; 
60 Fig. 28 is a schematic perspective view of the 

air intake for the vacuum sectors ; 

Fig. 29 is a schematic fragment d perspec- 
tive view of the air intake from the rotating 
vacuum sectors; 
65 Fig. 30 is a schematic fragmented perspec- 
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tive view of a drive mechanism transmitting 
clockwise and counterclockwise motion to the 
laminating roils; 

Rg. 31 is a schematic fragmented perspec- 
tive view of mechanism for effecting control of 
the film feed rolls; 

Fig. 32 is an end view of a support member 
provided for the left end of the upper laminating 
roll and for the right end of the lower laminating 
roll, as seen in Fig. 25; 

Fig. 33 is a view taken along the lines 33-33 of 
Fig. 32; 

Fig. 34 is an end view of a support member 
provided for the right end of the upper 
laminating roll and for the left end of the lower 
laminating roll, as seen in Fig. 25; 

Fig. 35 is a view taken along the lines 35-35 of 
Fig. 34; 

Fig. 36 is a front view of a flange that is 
provided for supporting each of the ends of the 
upper and lower tacking bars, as seen in 
Fig. 25; 

Fig. 37 is a view taken along the lines 37-37 of 
Fig. 36; 

Fig. 38 is a front view of a bearing retaining 
flange for the upper and lower left side bearings 
of the tacking and laminating assembed struc- 
ture, as shown in Fig. 25; 

Fig. 39 is a view taken along the lines 39-39 of 
Fig. 38; 

Rg. 40 is a front view of a flange for the upper 
right side bearings of the tacking and laminating 
assembled structure, as shown in Fig. 25; 

Fig. 41 is a view taken along the lines 41 -41 of 
Fig. 40; 

Fig. 42 is a front view of a flange for the lower 
right side bearing of the tacking and laminating 
structure, as shown in Fig. 25; 

Fig. 43 is a view taken along the lines 43-43 of 
Fig. 42; 

Figs. 44 and 45 are plan and end views, 
respectively, of an eccentric pivot employed for 
the ball bearings in Rg. 25; 

Figs. 46 and 47 are plan and end views, 
respectively, of the film guiding structure; 

Fig. 48 is a plan view of an angularly 
adjustable shoulder that is provided at each end 
of each of the tacking/cutting devices and 
lamination rolls for the support thereof; 

Fig. 49 is a view taken along the lines 49-49 of 
Fig. 48; 

Fig. 50 is a view illustrating the support of the 
tacking/cutting and lamination roll structures by 
the angularly adjustable shoulders and the 
actuation of the latter to effect movements of 
the tacking/cutting devices and the laminating 
rolls toward and away from a board to be 
laminated; 

Fig. 51 illustrates electromagnetic coupling 
devices for controlling the selective actuation of 
the tacking/cutting devices and of the laminat- 
ing rolls; 

Fig. 52 is a perspective view of a contacting 
type temperature detector that is employed for 
measuring the surface temperature of ach of 



the laminating rolls; 

Rg. 53 is a cross sectional view taken along 
the lines 53-53 of Fig. 52; 

Rg. 54 is a view in side elevation showing the 
5 temperature detector in rolling contact with a 

lamination roll ; and 

Fig. 55 is a perspective view illustrating a 
cabinet in which the main body of the laminator 
is housed and a mobile cabinet housing 
10 electronic controls for the laminator. 

DESCRIPTION OF THE PRIOR ART 

Fig. 1 schematically illustrates a laminator 10 
according to the prior art. As shown, the laminator 
15 10 comprises input rolls 12, a reel 14 of film 16, a 
tacking bar 18 and lamination rolls 20. The input rolls 
12 push or advance a board 22 to be laminated along 
a track (not shown) to bring the forward end 24 
thereof into a position where it is in cooperative 
20 relation with the leading end 26 of the film 16 and the 
tacking bar 18. The board is stopped at that position 
following which the tacking bar 18 is moved down to 
exert force upon and thereby to tack the leading end 
26 of the film 16 to the forward end 24 of the board 
25 22. After the tacking operation, the board 22 is 
pushed forward by the input rolls 12 under the 
lamination rolls 20. The lamination rolls 20 are 
spaced a distance, typically several centimeters, 
forward of the tacking bar 18 in the path of 
30 movement of the board 22. This gives rise to a critical 
situation as the film 16, which is tacked to the board 
for only a few millimeters along the length thereof, is 
subjected to a pulling force. It may happen, and 
there is a natural disposition toward such happen- 
35 ing, that the leading end 26 of the film 16 will be 
pulled from the board 22 as indicated at 28. This 
necessitates the use of heat and pressure for a 
sufficient time to ensure a good bond during the 
tacking operation, and movement forward of the 
40 board 22 at a rate sufficiently slow to preclude 
pulling the end of film 16 off the board 22, thus 
reducing the laminating efficiency, and resulting in a 
corresponding reduction in the number of boards 22 
that may be laminated with a sheet of film 16 in a 
45 given period of time. 

Fig. 2 schematically illustrates the bending of 
boards, particularly of thin boards, that is en- 
countered with the arrangement of the tacking bar 
18 and lamination rolls 20 of the prior art laminators. 
so As shown in Fig. 2, the pulling force on the film 16, as 
the board 22 to be laminated is pushed forward, 
causes the forward or leading end of the board to be 
bent upward in single side lamination. The board 22 
bends since the film 16 has been tacked on one side 
55 only, there being no countervailing force on the 
other side. Single side lamination, particularly of 
inner layers on thin boards, thus, is critical and 
reduces laminating efficiency. 

60 DESCRIPTION OF A PREFERRED EMBODIMENT 
OF THE INVENTION 

Referring to Rg. 3, the laminator 30 of the present 
invention comprises upper and lower suitably heated 
lamination rolls 32 and 34 that are paired, respec- 

65 tively. with upper and lower tacking/cutting devices 
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36 and 35 in a tacking and laminating station 39. 
Devices 36 and 38 revolve eccentrically with respect 
to the lamination roll 32 or 34 that is associated 
therewith. During the various steps in the lamination 
process, the pair of lamination rolls and tacking/cut- 
ting devices 32, 36 and 34, 38 are simultaneously 
pushed from opposite directions, that is, from upper 
and lower positions, as seen in Fig. 3, against 
opposing sides of a board 40 to be laminated, and 
moved apart from it. 

The laminator 30, as shown in Fig. 3, comprises, in 
addition, a main body 42, an input conveyor means 
44, and an output conveyor means 46 for the boards 
40 to be laminated. To provide for the lamination of a 
film sheet simultaneously on both sides of the board 
40, the laminator main body 42 is arranged symmetri- 
cally with respect to the pair of lamination rolls and 
tacking/cutting devices 32, 36 and 34, 38 and the 
planes containing the input conveyor means 44 and 
the output conveyor means 46. 

Each incoming board 40 is detected and centered 
by an automatic centering device 48 which is 
illustrated in Fig. 4, although not shown in Fig 3. 
D tailed descriptions of the automatic centering 
device 48 and the manner of the operation thereof 
are provided hereinafter. 

Associated with the automatic centering device 48 
is a front centering and front edge adjustment 
device 50 which is illustrated in Fig. 5. Device 50 
includes a barrier 54 that is positioned in cooperative 
relation with a lower input roll 52 and an upper input 
roll 56. As advanced Into the laminator 30 by the 
input conveyor means 44, each incoming board 40 
normally rests on the lower input roll 52 with the front 
edge 41 thereof moved into abutting relation with the 
barrier 54. Such movement causes the front edge 41 
of the board 40 to be angularly shifted to squarely 
face the tacking and laminating station 39 if not 
already in such a position. Upon lowering thereof 
into contact with the board 40, as shown in Fig. 6, the 
upper input roll 56 grips the board 40. The lower roll 
52 rotates and advances the board 40 into the 
laminating station 39. 

As shown in Fig. 5, the lower input roll 52 is 
actuated by a rack 52a that is fixed to the shaft of an 
air cylinder 52b. The rack 52a is positioned in 
cooperative relation with a pinion 52c that Is fixedly 
attached to the shaft 52d of the lower input roll 54. 

The travel of the cylinder, and consequently, the 
number of revolutions of the lower input roll 52 and 
the distance advanced by the board 40 are deter- 
mined by a positive stop on the cylinder 52b. The 
trav I of the shaft of the cylinder 52b depends upon 
th position of the positive stop. 

The positive stop (or register) is moved by a d.c. 
micromotor (not shown) which may be similar to the 
motor used for the automatic centering device 48 
described hereinafter. The d.c. micromotor is con- 
trolled directly by a Programmable Logic Control 
(PLC) in accordance with an edge value preset by 
the operator. 

The front barrier 54 which stops the board 40 with 
the forward edge 41 squarely facing the laminating 
station 39, that is, in parallel r lation with respect to 
th tacking bars of the tacking and cutting devices 



36 and 38, is actuated by an independent air cylinder 
56a and a lever 56b. Specifically, one end of lever 56b 
is connected to the end of the shaft of the cylinder 
56a and the other end thereof is fixedly attached to 
5 the lower end of the barrier 54 which, as best seen in 
Figs. 6 and 7, is L-shaped. 

When the laminator 30 is in operation, the output 
conveyor means 46 travels at the peripheral speed of 
the lamination rolls 32 and 34. The speed of the Input 
10 conveyor means 44 is not related to the speed of the 
laminating rolls 32 and 34. Actually, the input 
conveyor means 44 stops after the board 40 has 
been centered and brought forward against the 
barrier 54. 

15 The laminator 30 includes plate-like support 
frames at the opposite sides thereof, of which one 
only, that bearing reference numeral 58, is shown in 
Fig. 3. Rotatably mounted between the support 
frames are two film supply rolls or reels 60 and 62 of 
20 dry film photoresist material, two film feed rolls 64 
and 66, two take-up rolls 68 and 70, two guide rolls 
72 and 74, two stripping rolls 76 and 78, and two 
tension rolls 50 and 82. 

Each reel 60 and 62 carries a respectively 
25 associated continuous film web 84 and 86 wound 
around the circumference thereof. The film webs 84 
and 86 are each laminated with a respectively 
associated protective material 88 and 90, which 
protective material may be polyethylene. Each of the 
30 protective materials 88 and 90 is stripped from the 
associated film web 84 and 86 by the respectively 
associated stripping roll 76 or 78 and is wound up on 
the respectively associated take-up roll 68 or 70. 
Associated with each of the stripping rolls 76 and 
35 78 is a respectively associated cutting blade 92 and 
94 for effecting longitudinal cutting of the dry film 
webs 84 and 86. Means not shown in Fig. 3 may be 
provided for effecting lateral adjustment of the 
cutting blades 92 and 94 with respect to the film 
40 webs 84 and 86 for accommodating the lamination of 
boards 40 of different widths. 

Positioned between the support frames 58 are the 
lamination rolls 32 and 34 and the respectively 
associated eccentric tacking/cutting devices 36 and 
45 38. The film webs 84 and 86 are drawn in sliding 
relationship over a respectively associated fixed 
curved film guiding surface 96 and 98, which guiding 
surfaces are associated with the tacking/cutting 
devices 36 and 38. 
50 As best seen in Fig. 8, the tacking/cutting device 
36 and the associated lamination roll 32 is positioned 
above a plane 100 in which boards 40 to be 
laminated are placed while the tacking/cutting 
device 38 and lamination roll 34 are positioned below 
55 the plane 100. 

In Figs. 3 and 8, the paths through which the 
tacking/cutting devices 36 and 38 move as they are 
rotated about the respectively associated lamination 
rolls 32 and 34 are indicated by the reference 
60 numberals 101 and 103. 

In a first step in the operation of the laminator 30, 
the tacking/cutting devices 36 and 38 converge 
simultaneously from opposite directions toward a 
board 40 placed in the plane 100 to press and 
65 thereby tack the leading end of a respectively 
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associated film web 84 and 86 against the forward 
end thereof. In a second step, while the devices 36 
and 38 are being separated and with the board 40 
being maintained immobile, the lamination roils 32 
and 34 converge silultaneously from opposite direc- 
tions toward the board 40 to press the tacked 
leading end of an associated one of the films 84 and 
86 against the board at precisely the same position 
where tacking had been effected. The board 40 is 
then advanced to effect the lamination of the film 
webs to the surface thereof by the lamination rolls 32 
and 34. 

The tacking/cutting devices 36 and 38 include 
respectively associated suitable heated tacking bars 
102 and 104. The tacking bars 102 and 104, as best 
seen in Fig. 25, are mounted between respectively 
associated pairs of flanges 150, 162 and 174, 186. 

Angularly positioned on a vacuum sector 107 on 
the opposite sides of the tacking bar 102 are vacuum 
shoes 106 and 108 which have respectively associ- 
ated film web contacting surfaces 110 and 112. 
Similarly angularly positioned on a vacuum sector 
1 15 on the opposite sides of the tacking bar 104 are 
vacuum shoes 114 and 116 having similar respec- 
tively associated film web contacting surfaces. The 
vacuum shoes 106, 108. 114 and 116 may be 
connected to a common vacuum source such, for 
example, as a vacuum pump (not shown) by 
individually associated branch vacuum lines (not 
shown). A separate control valve may be provided in 
each such line. 

The tacking bars 102 and 104 are rotatable in 
opposite directions around the respectively associ- 
ated lamination roll 32 and 34 during the operation of 
the laminator 30. Specifically, the tacking bar 102 is 
rotatable in a counterclockwise direction and the 
tacking bar 104 in a clockwise direction viewing, as 
seen in Fig. 8. 

Fig. 9 shows a board 40 to be laminated 
positioned under the tacking/cutting device 36 and 
associated lamination roll 32. The tacking/cutting 
device 38 and associated lamination roll 34 are not 
shown in Fig. 9 in the interest of brevity of illustration 
inasmuch as the device 38 and lamination roll 34 
substantially comprise a mirror image of device 36 
and lamination roll 32. . 

Initially, the two tacking/cutting devices 36 and 38 
are stationary and are held apart from each other in 
the correct position to effect the desired tacking of 
the respective leading ends of the film webs 84 and 
86 to the opposite sides of the board 40 at the 
forward end thereof. The film web 84, as shown in 
Fig. 9, Is drawn over the fixed curved surface 96 and 
is held in position by suction force provided by the 
vacuum shoe 110, with the leading end of the film 
web 84 being positioned under and adjacent the 
tacking bar 102. 

In effecting the tacking operation, as shown in 
Fig. 10. the tacking/cutting device 36 is moved 
toward the board 40 to cause the tacking bar 102 to 
press the leading end of the film web 84 firmly into 
contact with the surface of the board 40 adjacent the 
forward end thereof. The tacking temp rature, 
pressur , and time are all adjustable. When the 
tacking peration has been complet d. the film web 



84 is not subjected to any pulling force until after the 
lamination operation begins. The tacking, therefore, 
can be effected at low temperature and pressure 
and in a minimum time. At this point, the vacuum in 
5 the vacuum shoes 106 and 114 is released by the 
activation of two electrovalv s. 

The tacking of the film web 86 to the opposite side 
of the board 40 by the tacking/cutting device 38 is 
effected simultaneously with the tacking of film web 
10 84 to the board 40, and in a similar manner, by 
causing the tacking bar 104 to press the leading end 
of the film web 86 against the board 40 adjacent the 
forward end thereof. 

After the tacking operation has been completed, 
15 the two eccentric tacking devices 36 and 38 are 
moved apart, with the film webs 84 and 86 tacked to 
the board 40, as shown in Fig. 11. 

In the continued sequence of operation of the 
laminator 30, as shown in Fig. 12, with the board 40 
20 being maintained immobile, the tacking device 36 is 
rotated counterclockwise to a waiting position 
indicated by reference number 105. The tacking 
device 38 is rotated clockwise to a similar waiting 
position. 

25 In rotating from the tacking position to the waiting 
position 105 shown for the tacking device 36, the 
contacting surfaces 112 and 110 associated respec- 
tively with the vacuum shoes 108 and 106 engage the 
film web 84 and lift it off the curved film guiding 
30 surface 96. The contacting surfaces associated with 
the vacuum devices 116 and 1 14 of tacking device 38 
similarly engage the film web 86 and lift it off its 
associated curved film guiding surface 98. At the 
same time each of the lamination rolls 32 and 34 is 
35 moved to close on the board 40 at the same line 
position or region across the width of the respec- 
tively associated film web 84 and 86 where the 
tacking had been effected. The lamination rolls 32 
and 34 press the associated film webs 84 and 86 
40 against the opposite surfaces of the board 40, and 
advance the board 40 therebetween. With the 
tension rolls 80 and 82 applying tension to the film 
webs 84 and 86, respectively, the laminating rolls 32 
and 34 start to laminate the film webs 84 and 86 
45 thereto, as illustrated in Fig. 13, at a speed, 
temperature and pressure that may be preset. 

Thus, in the operation of the laminator 30, the 
contacting surface 102a of the tacking bar 102 and 
an upper forward portion of the board 40 form a first 
50 pair of relatively converging surfaces for tacking the 
leading end of the film web 84 to the board with the 
surface of the laminating roll 32 and the upper 
forward portion of the board 40 forming a second 
pair of relatively converging surfaces. Similarly, the 
55 contacting surface 104a of the tacking bar 104 and a 
lower forward portion of the board 40 form another 
pair of relatively converging surfaces, which for 
convenience, is termed hereinafter a third pair of 
relatively converging surfaces with a fourth pair of 
60 relatively converging surfaces being formed by the 
laminating roll 34 and the lower forward portion of 
the board 40. 

Wh n the end of the board 40 being laminated, is 
det cted, as by means of photocell 1 1 8 as illustrated 
65 in Rg. 14, the tacking/cutting devices 36 and 38 
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begin revolving around the respectively associated 
lamination roll 32 and 34 toward the tacking position 
at a speed that is the same as that of the associated 
film webs 84 and 86. At the same time, an individually 
associated movable cutting blade 120 of the shears 
type, as shown in Fig. 15, is actuated to sever the 
continuous length of each of the film webs 84 and 86 
to form film sheets of such length as to fit or match 
the length of the board 40 to which the film sheets 
are being laminated. In effecting such cutting, the 
movable cutting blade 120 cooperates with a fixed 
cutting blade or counterblade 121 that is fixedly 
positioned adjacent the tacking bar 102. The fixed 
blade 121 is sometimes referred to hereinafter as the 
counterblade and the blade 120 as the movable 
blade. The cutting action, as shown in Fig. 14, starts 
at the positioned designated "START CUTTING" and 
ends at the position designated "END CUTTING." 
The cutting blade 120 is advanced at a speed that is 
the same as that of the film 84 along a path that is 
that same as that of the tacking bar 102 and fixed 
cutting blade 121. 

The cutting system includes a mechanism for 
effecting the coupling of the movable cutting blade 
and the counterblade for cutting operation for each 
of the tacking/cutting devices 36 and 38 and for 
effecting such operation. 

The complete cutting unit for the tacking/cutting 
device 36, indicated by the reference numeral 122 in 
Fig. 15, rotates around the upper lamination roll 32 
during the film cutting operation, and follows the 
movement of the film 84. While the tacking/cutting 
device for only the tacking/cutting unit 36 is 
described herein, it will be understood that the 
cutting unit for the tacking/cutting device 38 may be 
substantially identical to the cutting unit 122. 

The fixed blade 121 is mounted on the rotatable 
vacuum sector 107. in close contact with the tacking 
bar 102, and is rotatable with the vacuum shoe 106 
through a complete revolution, that is, through 360° , 
as indicated by the arrow 109 in Fig. 15. 

The movable blade 120 is straight and is provided 
with a 5 mm. cog 1 20a at a first end. Blade 120 is kept 
in the rest position shown in Figs. 15 and 16 by a 
contrast cylinder 120b which supports the blade 
moving mechanism to which it is connected. When 
th rotating sector 107 has completed the tacking 
operation and has been moved to a rest position, the 
movable blade 120 is moved angularly into a diagonal 
position by cylinder 120c so that the cog 120a 
protrudes. This diagonal position is indicated by the 
dotted lines in Figs. 15 and 16. 

When the rotating sector 107 receives a command 
from the PLC to rotate, to follow the film 84 and to 
effect the transverse cutting thereof, the counter- 
blade 121 is moved against the cog 120a with the 
result that the two blades 120 and 121 are moved 
along together. 

The contrast cylinder 120b does not have enough 
force to preclude the movement of the rotating 
sector 107, but it keeps the movable blade 120 and 
the counterblade 121 clos ly coupled to each other. 

As soon as the movable blade 120 and the 
counterblade 121 are coupled, a cylinder 120d 
having a double stem actuates levers 120e and 120f. 



The levers 120e and 120f, by means of cams 120g 
and 120h, push the movable blade 120 at both ends 
thereof with the result that the film 84 is cut, the film 
84 being positioned between the movable blade 120 

5 and the counterblad 121. 

In order to ensure that the movable blade 120 is 
always in close contact with the counterblade 121, a 
spring 120i has been provided. 

After the cutting of the film has been completed, 

10 the rotating sector 107 and the coupled movable 
blade 120 and counterblade 121 stop. The contrast 
cylinder 120b is actuated in the same direction as the 
previous rotation so that the coupling cog 120a of 
the movable blade 120 is released from the counter- 

15 blade 121, as shown in Fig. 21. The two cylinders 
120c and 120d are then reset and the movable blade 
120 is returned to the rest position thereof together 
with the attached coupling cog 120a. At this time, the 
contrast cylinder 120b is reset and the movable 
20 mechanism 122 together with the movable blade 120 
is returned to the rest position, as shown in Fig. 22. 

The severing of the film webs 84 and 86 is made in 
0.3 of a second. The cutting operation is completed 
when the tacking/cutting devices 36 and 38 have 
25 been revolved approximately half the distance 
between the waiting position 105 and the tacking 
position. After being severed, the trailing end of each 
film sheet is held away from the board 40 being 
laminated by the associated vacuum shoe 108 and 

30 116, thereby avoiding any tendency for the film sheet 
to wrinkle while the lamination thereof continues. 

As soon as the lamination is completed, as shown 
in Fig. 24, the lamination rolls 32 and 34 are set apart 
with the two eccentric tacking/cutting devices 36 

35 and 38 being simultaneously revolved to the tacking 
positions thereof just in time to be in the correct 
positions to tack the then leading end of the 
associated film web 84 or 86 to the opposite sides of 
the new board 40 that has arrived on the scene to be 

40 laminated. 

In order to assist in the unwinding of the film webs 
84 and 86 from the reels 60 and 62 and to keep the 
correct film tension during the tacking and laminat- 
ing operations, the film feed rolls 64 and 66 and the 

45 tension rolls 80 and 82, shown in Fig. 3, are provided. 
A detailed view of the assembly of the mechanism 
for supporting the lamination rolls 32 and 34 and the 
tacking/cutting devices 36 and 38 is shown in 
Fig. 25. As there shown, a shaft 124 extending from 

50 the left end of the upper lamination roll 32 is 
supported for rotation in a supporting member 126. 
A shaft 128 that extends from the right end of 
lamination roll 32 is supported for rotation in a 
supporting member 130. Similarly, a shaft 132 

55 extending from the left end of lower lamination roll 34 
is supported for rotation in a supporting member 
134. and a shaft 136 extending from the right end of 
lamination roll 34 is supported for rotation in a 
supporting member 138. 

60 Supporting members 126 and 138 may be identical 
in structure. Detail views thereof are shown in 
Figs. 32 and 33. Similarly, supporting members 130 
and 134 may b id ntical in structure with detail 
views thereof being shown in Figs. 34 and 35. 

65 Fixedly attached to and supported by the suppor- 
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ting members 126 and 130 and extending therebet- 
ween is a film guiding sector 140 on which the 
curved surface 96 previously mentioned is formed. 
The axis or center or curvature of sector 140 is 
located at 142, which as seen in Figs. 3, 8-13 and 24, 
is offset from the center of rotation 143 of the 
lamination roll 32. A similar film guiding sector 144 is 
fixedly attached to and extends between the 
supporting members 132 and 138, the axis or center 
of curvature of sector 144 being located at 146, as 
seen in Fig. 3. The previously mentioned curved 
surface 98 is formed on sector 144. 

The structures of the film guiding sectors 140 and 
144 may be identical, such structure being illustrated 
in Figs. 46 and 47 

Tacking bars 102 and 104 are supported for 
rotation in respective paths 101 and 103 that are in 
eccentric relation with respect to the individually 
associated lamination rolls 32 and 34 Specifically, as 
shown in Fig. 25, the left end of the upper tacking bar 
102 is fixedly attached by a tab 148 to a flange 150, 
the tab 148 being integral with the flange 150 as seen 
in Figs. 36 and 37. Flange 150 is arranged for rotation 
around a peripheral surface 152 of supporting 
member 126. Supporting flange 1 50 for such rotation 
is a roller bearing 156 that is positioned between the 
inner surface 158 thereof and the surface 152 and 
held in that position by a bearing retaining flange 
154. Figs. 38 and 39 illustrate the flange 154 in detail. 

Similarly, the right end of tacking bar 102 is fixedly 
attached by a tab 160 to a flange 162, the tab 160 
being integral with the flange 162. Supporting flange 
162 for rotation about a peripheral surface 164 of 
supporting member 130 is a roller bearing 166. Roller 
bearing 166 is positioned between the surface 164 
and the inner surface 168 of flange 162 and is held 
therebetween by bearing retaining flange 170. Detail 
views of the bearing retaining flange 170 are shown 
in Figs. 40 and 41 . 

The left end of the lower tacking bar 104 is fixedly 
attached by a tab 172 to a flange 174. Tab 172 is 
integral with the flange 174. as shown in Figs. 36 and 
37. Flange 174 is supported for rotation about the 
peripheral surface 176 of supporting member 134, a 
roller bearing 178 being positioned between the 
surface 176 and an inner surface 180 of flange 174 
and held therein by a bearing retaining flange 182. A 
detail of flange 182 is shown in Figs. 38 and 39. 

The right end of the tacking bar 104 is fixedly 
attached by a tab 184 to a flange 186, the tab 184 
being integral with the flange 186. Flange 186 is 
supported for rotation about the peripheral surface 
188 of supporting member 138. A roller bearing 190 
is positioned between the surface 188 of member 
138 and in inner surface 192 of flange 186 and is held 
therein by a bearing retaining flange 194. Detailed 
views of flange 194 are shown in Figs. 42 and 43. 

Two cylinders 191 and 193 (one at the left and one 
at the right of the machine, as schematically 
illustrated in Fig. 26) are provided for moving parallel 
lever systems 195 and 197. The lever systems 195 
and 197 are mechanically coupled by means of a 
shaft 199 so that operation of the cylinders 191 and 
193 fleet the same movement on the left and right 
sides of the laminating machine. 



The lever systems 195 and 197 rock, that is, drive 
into and out of the plane of the paper, as seen in 
Fig. 26, the respective pairs of shoulders 196, 198 
and 212, 214. The pairs of shoulders 196, 198 and 
5 212, 214 are pivoted for such rotation on centers of 
rotation indicated at 196a and 212a, respectively, 
with the shoulders 196, 198 being arranged to 
support the upper lamination roll 32 and the 
shoulders 212 and 214 arranged to support the lower 
10 lamination roll 34. as shown in Fig. 27. One central 
bearing 201 and three peripheric bearings 203, 205 
and 207 are provided for the eccentric rotation of the 
vacuum sector 107, the peripheric bearing 207 being 
provided with an eccentric adjustment. The vacuum 
15 rotating sector 107 carries the tacking bar 102 and 
countertrade 121. 

The two upper shoulders 196 and 198 are laterally 
separated with respect to the lower shoulders 212 
and 214, as shown in Figs. 25, 26 and 27, so that the 
20 lamination roils 32 and 34 can be pressed one 
against the other. 

In the operation of the laminator 30, upon initial 
movement of the tacking/cutting devices 36 and 38 
toward the plane 100 the respectively associated 
25 tacking bar 102 and 104 is positioned to tack the 
leading end of an associated film web 84 and 86 
against the opposite sides of a board 40. Upon 
movement of the tacking/cutting devices 36 and 38 
away form the plane 100, the tacking/cutting devices 
30 36 and 38 are rotated counterclockwise and clock- 
wise, respectively, to waiting positions as illustrated 
at 105 in Figs. 12, 13, and 14. Subsequent move- 
ments of the tacking/cutting devices 36 and 38 
toward the plane 100 thus allow the respectively 
35 associated laminating roll 32 and 34 to make contact 
with the film web on the precise line at which it had 
been tacked to a board 40, following which contact 
lamination of the respective film web 84 and 86 to the 
board is enabled. 
40 Electromagnetic coupling devices 248 and 250, as 
shown in Figs. 50 and 51 , are provided for controlling 
the selective actuation of the tacking/cutting de- 
vices 36 and 38 for rotation. Two coupling devices 
(not shown) are provided to stop the laminating rolls 
45 32 and 34 when they are closed and the eccentric 
sectors are rotating to the rest position. Coupling 
devices 252 and 254 are provided to start and stop 
the film feed rolls 64 and 66. 

Electromagnetic coupling devices 219 and 221 , as 
50 shown in Fig. 31 . are provided for controlling the film 
feed rolls 64 and 66. Also provided are notched 
wheels 234 and 236 which rotate v^th the film feed 
rolls 64 and 66, respectively. Proximity switches 238 
and 240 individually associated, respectively, with 
55 the notched wheels 223 and 225 are provided for 
sounding an alarm system (not shown) to signal the 
end of the film and any missed cut. 

Heating of the lamination rolls is effected, in 
accordance with the invention, by infra red lamps 
60 that are externally positioned with respect to the 
laminating rolls 32 and 34. Thus, as shown in 
Figs. 8-13. an infra red lamp 256, that is suitably 
supported by brackets 258 and 260 attached to the 
inner wall of the film guiding s ctor 140 is provided 
65 for heating the lamination roll 32. A similarly 
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positioned and mounted infra red lamp is provided 
for heating the lamination roll 34. Preferably, the infra 
red lamps employed are of the so-called short wave 
type. In one embodiment of the invention the infra 
red lamps each have an output of 4200 watts. 

For controlling the temperature of each of the 
laminating rolls 32 and 34, there is provided a 
separate suitably mounted temperature detector for 
each said roll, which detector is characterized by the 
capacity thereof to measure the the temperature at 
the peripheral surface of a laminating roll without the 
introduction of friction and consequent damage 
thereto and independently of the heat color of the 
roll surface. Specifically, a temperature detector 262 
provided in association with lamination roll 32 
comprises a contacting, or more specifically, a 
rolling type iron-constantan thermocouple 273. Ther- 
mocouple 273 is disposed with the hot junction 264 
thereof in a hollow sleeve 266 at a position that is 
coincident with the axis of rotation thereof. 

More specifically, the temperature detector 262 
comprises an elongated bifurcated support 268 of 
thermoplastic polyester, reinforced with glass fiber 
which carries a tubular steel pin 270 between the 
branches thereof with the Iron-constanton thermo- 
couple 273 positioned in the pin 270. One end of 
steel pin 270 is wrapped around the side of the 
support 268, as shown, being lodged and retained in 
a groove 271. The thermocouple 273 extends into 
the interior of the steel pin 270 through the other end 
thereof. The roller bearing 266, which preferably is 
made of a material having high thermal conductivity 
such as copper, with a thin lining or bushing 272 
made of thermoplastic polyester reinforced with 
glass fiber, rotates on the steel pin 270. 

The copper bearing 266 is positioned in rolling 
contact with the peripheral surface of the laminating 
roll 32. As a result, the bearing 266 assumes the 
peripheric speed and temperature of the lamination 
roll 32. 

With this arrangement, the hot junction of the 
thermocouple 273 assumes substantially the same 
temperature as that of the lamination roll 32. The 
difference in temperature, if any, is negligible due to 
the high thermal conductivity of the copper in the 
bearing 266 and the thinness of both the bushing 
272 and the wall of the tubular pin 270. 

As a result, the temperature detector 262 detects 
th contact temperature of the surface of the 
rotating lamination roll 32 in a substantially friction 
free manner independently of the heat color of the 
surface. 

Wearing of the temperature detector 262 is very 
low, being of the order of 0.03 millimeters per 1000 
hours at 3 mts./min. due to the high lubricating 
properties of the thermoplastic polyester reinforced 
with glass fiber. It is noted that this material is 
available commercially from "Schuely" (Nederlan) 
under the trademark "ABNITE." 

In accordance with the invention, a microproces- 
sor is provided in cooperation with the temperature 
detector 262 for eff cting automatic adjustment in 
the heating level of the infrared lamps and thereby of 
the temperature of the lamination rolls 32 and 34 
depending upon the lamination speed, the thickness 



of the boards or panels to be laminated, and the 
pressure of the lamination rolls in order to maintain 
constant the exit temperature of the laminated 
boards or panels. 
5 The automatic centering device 48 to which 
reference has been made hereinbefore and which is 
shown in Fig. 4 is driven by a direct current low 
inertia reversible motor 274 and is controlled by a 
servocontrol 276 which, in turn, is controlled by a 
10 Programmable Logic Controller (PLC) 280 that is 
housed in a mobile electronic control cabinet 282, as 
shown in Fig. 55. The motor 274 drives a screw 284 
for adjusting the lateral positions of spaced parallel 
edges 286 and 288 between which each panel 40 is 
15 advanced by the input conveyor means 44 of the 
laminator 30. 

A panel 40, advanced by the input conveyor 44, 
intercepts the light beam of a mirror photocell. This 
photocell further includes one infrared beam emitter 
20 294 and one receiver 296. A modulated infrared 
beam emitted by 294 reaches the receiver 296 by a 
series of reflections on the mirrors, thus forming a 
net of beam segments. When the panel 40 intercepts 
one of these beam segments, the receiver 296 
25 signals to the servocontrol 276 that a panel is under 
the mirrors. The motor 274 is energized and rotates 
in the direction that closes the. parallel edges to 
center the panel. 

When the two parallel edges 286 and 288 close 
30 toward the center, the photocells 298 and 300, one 
of which is located 1 cm. over the edge 286 and the 
other 1 cm. over the edge 288 and both of which are 
connected to the servocontrol 276, detect the panel. 
Sensing of the panel 40 by both photocells 298 and 
35 300 results in a decrease in the energization of the 
motor 274 for rotation and consequent slowing 
down thereof. 

With continued advance of the two parallel edges 
at low speed, panel 40 moves into the sensing path 
40 of "stop photocells" 302 and 304, which are carried 1 
mm. over the edge of 286 and 288 and also are 
connected to the servocontrol 276. When the panel 
40 is sensed both the photocells 302 and 304, the 
energization of the motor 274 is discontinued and 
45 the motor 274 stops immediately with the panel 40 
property centered. After a delay of a few seconds, 
the motor 274 is energized for rotation in the 
opposite direction and opens the parallel edges 286 
and 288. 

50 It is noted that the centering device 48 is 
characterized by a precision of operation that 
enables boards or panels having a thickness as 
small as 0.002 inches (0.05 mm.) to be centered 
without causing any damage thereto. 

55 In accordance with the invention the main body 42 
of the laminator 30 may be completely enclosed in a 
cabinet 306, as illustrated in Fig. 55, and include in 
association therewith the aforementioned mobile 
cabinet 282 in which electronic controls for the 

60 laminator 30 may be housed. The mobile cabinet 282 
includes the PLC unit 280 previously mentioned, 
which unit may comprise a LANDIS and GYR with 
serial line RS232. Th mobile cabinet 282 may also 
contain a microprocessor with intelligent peripherals 

65 such as the previously mentioned temperature 
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controller, motor controls, etc., and further includes 
a video display unit to interface the operator for 
diagnostic purposes and control of process parame- 
ters. 

The electronic controls provided in the mobile 
cabinet 282 enable a high degree of flexibility in 
operation. Thus, the system is adaptable to auto- 
matic, manual, and single stroke operation. An alarm 
system signals any missed cut, the end of film, 
missed lamination, and/or output conveyor busy. 
Additionally, an alarm is given and diagnostic 
analysis provided for any fault in operation. 

Input and output roller tables for conveying the 
boards to be laminated are provided with adjustable 
height, independent motor and synchronized speed. 
The input table is fitted with a centering device and 
gripping system, as described, for feeding the 
boards to the lamination rolls. The output table 
carries temperature sensors to measure the tem- 
perature of the boards and photocells to detect 
jamming of the boards. 

The invention enables the achievement of a highly 
efficient lamination operation, with tacking and 
cutting being in no way critical. 

With this description of the invention in detail, 
those skilled in the art will appreciate that modifica- 
tions may be made to the invention without depart- 
ing from the spirit thereof. Therefore, it is not 
intended that the scope of the present invention be 
limited to the specific embodiments illustrated and 
described. Rather, it is intended that the scope of 
the invention be determined by the scope of the 
appended claims. 



Claims 

1. A process for laminating a film of material 
to a board having a face, a forward end, and a 
rearward end, comprising the sequential steps 
of: 

(a) gripping the board and advancing it 
to position a face portion of the forward 
end thereof in cooperative relation with 
first and second surfaces that alternately 
are movable toward and away therefrom; 

(b) supplying a length of film of material 
having a leading end with the leading end 
thereof held adjacent said first movable 
surface; 

(c) initiating movement of said first 
movable surface to press the leading end 
of the film into pressure contact with the 
forward face portion of the board thereby 
to tack the leading end of the film thereto; 

(d) while maintaining the board im- 
mobile, initiating movement of said first 
surface to effect the separation thereof 
from the forward face portion of the board 
and subsequently initiating movement of 
the second movable surface into pressure 
contact with substantially the same for- 
ward face portion of th board to which th 
leading end of the film had been tacked; 
and 



(e) advancing the board relatively to the 
second movable surface, with pressure 
contact maintained therebetween, to press 
the film along the length thereof to the face 
5 of the board. 

2. A process for laminating a film of material 
to each board in a succession of boards each of 
which has a face, a forward end, and a rearward 
end, comprising the sequential steps of: 
10 (a) gripping the leading board of the 

succession of boards and advancing such 
board to position a face portion of the 
forward end thereof in cooperative relation 
with first and second surfaces that alter- 
15 nately are movable toward and away there- 

from; 

(b) supplying a length of film of material 
having a leading end with the leading end 
thereof held adjacent said first movable 

20 surface; 

(c) initiating movement of said first 
movable surface to press the leading end 
of said film into pressure contact with the 
forward face portion of the board thereby 

25 to tack the leading end of the film thereto ; 

(d) while maintaining the board im- 
mobile, initiating movement of said first 
movable surface to effect the separation 
thereof from the forward face portion of the 

30 board and subsequently initiating move- 

ment of the second movable surface Into 
pressure contact with substantially the 
same forward face portion of the board to 
which the leading end of the film had been 

35 tacked; 

(e) advancing the board relatively to the 
second movable surface, with pressure 
contact maintained therebetween, to press 
the film along the length thereof to the face 

40 of the board ; and 

(f) repeating steps (a) through (e) for 
each of the remaining boards in the 
succession of support members. 

3. The process of claim 2 in which the boards 
45 of the succession are each aligned with the 

forward end adjusted to face squarely with 
respect to said first and second surfaces prior 
to step (a), the alignment and adjustment being 
retained by the gripping of the support member 
50 in step (a). 

4. The process of claim 3 in wnich the boards 
have side edges and the alignment thereof is 
effected by conveying the boards along a path, 
sensing by noncontacting means the side 

55 edges of the boards, and laterally shifting the 

boards as required to bring them into align- 
ment. 

5. The process of claim 3 in which the 
adjustment of the boards causing the forward 

60 end thereof to face squarely with respect to 

said first and second surfaces is effected by 
conveying the board along a path into contact 
with a barrier that is disposed in parallel relation 
to said first and second surfaces. 

65 6. The process of claim 2 including the further 
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steps of: 

(g) supplying a continuous length of 
curable dry film of polymeric material to the 
upstream side of said first and second 
surfaces without contact with the face of 5 
the board; 

(h) advancing the film with respect to 
said second surface in response to the 
movement of the board; and 

(i) cutting the film to proper length fitted 10 
to the face of the board without interrupt- 
ing the action pressing the film to the face 

of the board. 

7. The process of claim 6 wherein the curable 

dry film of polymeric material is photosensitive. 15 

8. A process for laminating a film of material 
to each board in a succession of boards, each 
board having opposed faces, a forward end and 
a rearward end, comprising the sequential 
steps of: 20 

(a) gripping the leading board and 
advancing it to position a face portion of 
the forward end on one side thereof in 
cooperative relation with first and second 
surfaces that alternately are movable to- 25 
ward and away therefrom, and simulta- 
neously to position a face portion at the 
forward end at the opposite side thereof in 
cooperative relation with third and fourth 
surfaces that alternately are movable to- 30 
ward and away therefrom; 

(b) supplying a first length of film of 
material having a leading end with the 
leading end held adjacent said first mov- 
able surface; 35 

(c) supplying a second length of film of 
material having a leading end with the 
leading end held adjacent said third mov- 
able surface; 

(d) initiating movement of said first and 40 
third movable surfaces to press the leading 

end of the respectively associated first and 
second films of material into pressure 
contact with the respectively associated 
forward face portion of the board thereby 45 
to tack the leading end of the respectively 
associated film of material thereto; 

(e) while maintaining the board im- 
mobile, initiating movement of said first 

and third surfaces to effect the separation 50 
thereof from the respec tively associated 
forward face portions of the board and 
subsequently initiating movement of each 
of the second and fourth movable surfaces 
into pressure contact with substantially the 55 
same forward face portion of the board to 
which the leading end of the respectively 
associated film had been tacked; and 

(f) advancing the board relatively to the 
second and fourth movable surfaces, with 60 
pressure contact maintained between the 
second and fourth movable surfaces and 

the respectively associated surface of the 
board to press the respectively associated 
film of material along the length thereof to 65 



the associated face of the board. 

9. A laminator for pressing a film sheet that is 
cut from a continuous film web having a leading 
end onto the surface of a board having a 
forward end and a rearward end, comprising: 
amain body; 

conveyor means extending on both sides of the 
main body for advancing a board through the 
main body; 

support frames provided in the main body; 
a tacking and laminating station positioned 
between the support frames in the path of the 
conveyor means; 

first film web supplying means arranged in the 
main body above said conveyor means for 
supplying a first continuous film web along a 
predetermined path to the tacking and laminat- 
ing station; 

first tacking means for tacking a leading end of 
the first continuous film web to the upper side 
of a forward end of the board; 
first means mounted between said frame mem- 
bers for moving said tacking means in a 
predetermined path toward the upper side of 
the board at the tacking station to tack the 
leading end of the first continuous film web to a 
position at the forward end of the board and for 
moving said tacking means away from the 
board upon completion of the tacking oper- 
ation; 

first pressure roller means for pressing the first 
continuous film web received from the first film 
web supplying means onto the upper surface of 
the board in a continuous operation from the 
forward end of the board to the rearward end 
thereof; 

second means operative upon completion of 
the tacking operation of said first tacking means 
to move said first pressure roller means in 
substantially the same predetermined path 
toward the upper side of the board in which said 
first tacking means had been moved to press 
the leading end of the first film web against the 
forward end of the board; 
third means for holding the board immobile 
during the interval between the completion of 
the tacking operation and the beginning of the 
pressure rolling operation whereby the press- 
ure rolling operation is made to begin at 
substantially the same said position at the 
forward end of the board at which the end of the 
first film web had been tacked thereto thereby 
to preclude the production of a pulling force on 
the tacked leading end of the film web as the 
board is advanced through said main body by 
said conveyor means. 

10. A laminator as defined by claim 9, further 
including: 

second film web supplying means arranged in 
the main body below said conveyor means for 
supplying a continuous film web along a 
predetermined path to the tacking and laminat- 
ing station; 

second tacking means for tacking a leading end 
of the second continuous film web to the lower 
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side of a forward end of the board ; 
fourth means mounted between said frame 
members for moving said second tacking 
means in a predetermined path toward the 
lower side of the board at the tacking sta tion to 5 
tack the leading end of the second continuous 
film web to the board at the forward end thereof 
and for moving said tacking means away from 
said board upon completion of the tacking 
operation, said fourth means operating syn- 10 
chronously with said first means whereby the 
tacking operations of the leading ends of the 
first and second continuous film webs are 
effected substantially simultaneously ; 
second pressure roller means for pressing the 15 
second continuous film web received from the 
second film web supplying means onto the 
lower surface of the board In a continuous 
operation from the forward end of the board to 
the rearward end thereof ; and 20 
fifth means operative upon completion of the 
tacking operation of said second tacking means 
to move said second pressure roller means 
substantially in the same predetermined path 
toward the lower side of the board in which said 25 
second tacking means had been moved to 
press the leading end of the second film web 
against the lower side of the board, said fifth 
means operating synchronously with said sec- 
ond means whereby the pressing of the first 30 
and second film webs against the respectively 
associated upper and lower surfaces of the 
board Is effected substantially simultaneously. 

11. In combination, 
a lamination roll ; 35 
supporting member means for supporting said 
lamination roll for rotation about a first axis, said 
supporting member means having a peripheral 
substantially circular surface positioned about a 
second axis, said first and second axes being 40 
positioned in spaced and substantially parallel 
relation with each other and with a fixed plane 
with said first axis closer to said plane than said 
second axis; 

a tacking bar; 45 
flange means for supporting said tacking bar for 
rotation about said second axis, said flange 
means being positioned for rotation about said 
peripheral surface of said supporting means; 
and 50 
movable means for moving said flange means 
and said supporting member means toward and 
away from a predetermined position in said 
plane in concert with rotation of said tacking bar 
about said second axis, 55 
whereby to enable movement first of said 
tacking bar and then of said lamination roll into 
substantially coincidence with said predeter- 
mined position on said plane. 

12. A combination as defined by claim 11 60 
wherein said flange means includes peripheral 
surface means having said s cond axis sub- 
stantially at the center th reof.and 
wh rein said movable means compris s 
should r means in which said peripheral sur- 65 



face of said flange means is supported for 
rotation, said shoulder means being pivoted for 
rotation on a third axis that is positioned on the 
same side of said plane as said first and second 
axes and is parallel to said first and second 
axes. 

13. A combination as defined by claim 12 
further including cylinder means attached to 
and operative to rock said shoulder means 
about said third axis thereby to move said 
flange means toward and away from said plane. 

14. A combination, as defined by claim 12, 
further including: 

a film sheet, cut from a film web, having a 
leading end, 

a board on the surface of which said film sheet 
is to be laminated, said board having a forward 
end and a rearward end, 

conveyor means for advancing said board 
coincident with said plane to a position wherein 
a forward surface portion thereof is substan- 
tially coincident with said predetermined posi- 
tion, and 

means for positioning said leading end of said 
film sheet in cooperative relation with said 
tacking bar, 

whereby upon movement of said tacking bar 
toward said predetermined position in said 
plane the leading end of said film sheet is 
pressed and thereby tacked to said forward 
surface portion of said board, and 
whereby upon subsequent movement of said 
lamination roll toward said predetermined posi- 
tion and upon subsequent further advancement 
by said conveyor means of said board coinci- 
dent with said plane said film sheet is pressed 
to the said surface of said board from the 
forward to the rearward end thereof. 

15. A combination, as defined by claim 14, 
further including: 

means operative, upon movement of said 
tacking bar from said predetermined position 
on said plane, to rotate said tacking bar through 
a path to a waiting position, the initial direction 
of such rotation being forward of the forward 
end of said board and the extent of rotation to 
the waiting position being substantially less 
than a complete revolution, 
film web supplying means for supplying a 
continuous film web along a predetermined 
path that is in intersecting relation with the path 
through which said tacking bar is rotated to said 
waiting position, 

a counterblade positioned contiguously to said 
tacking bar and movable therewith, 
a movable cutting blade of the shears type, 
means for moving said movable cutting blade 
into operative relation with said counterblade 
and with said film web while said tacking bar is 
in said waiting position, and 
means for actuating said movable cutting blade 
across said film web while said film web is being 
supplied through said predetermined path for 
pressing on the surface of said board by said 
lamination roll for cutting the film sheet into a 
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length such that the trailing end of the film sheet 
matches a predetermined position at a rearward 
end portion of said board, 
whereby said, film sheet is pressed by said 
lamination roll on the surface of the board 
without interruption in such pressing operation 
due to cutting of such film sheet length from 
said film web. 

16. A combination, as defined by claim 15, 
further including; 

vacuum means for guiding the trailing end of the 
cut film sheet to prevent wrinkling thereof as it 
is being pressed on the surface of said board by 
said lamination roll. 

17. A combination, as defined by claim 16, 
wherein said means for moving said cutting 
blade into operative relation with said cutter bar 
includes double acting piston cylinder means. 

18. A combination, as defined by claim 15. 
further including: 

elongated sector means carried by said 

shoulder means, said sector means having an 

inner wall with a center of curvature that is 

coincident with said second axis, and 

infra red lamp means mounted on said inner wall 

of said sector means for heating said lamination 

roll. 

19. A combination, as defined by claim 18, 
further including: 

temperature detector means for measuring the 
temperature of said lamination roll, said tem- 
perature detector including a hollow sleeve 
roller bearing disposed in rolling contact with 
the surface of said lamination roll and a 
thermocouple having the hot June tion thereof 
positioned approximately coincidental with the 
center of rotation of said hollow sleeve roller 
bearing, and 

means controlled by said temperature detector 
for controlling the intensity of energization of 
said infra red lamp. 

20. A combination, as defined by claim 19, 
wherein said thermocouple is of the iron-con- 
stantan type. 

21. A temperature detector for measuring the 
temperature of a moving surface comprising, 
an elongated bifurcated support member hav- 
ing first and second sides with the branches 
thereof having forward edge portions, 

a hollow pin extending between and supported 
by the said forward edge portions of said 
branches of said support member, said hollow 
pin having a first end wrapped around said first 
side of said support member and retained in a 
groove therein and having a second end 
terminating at said second side of said support 
member, 

a hollow sleeve bearing positioned for rotation 
on said hollow pin between the branches of said 
support member, 

a bushing for said hollow sleeve bearing 
comprising a thin layer of thermoplastic polyes- 
ter reinforced with glass fiber, and 
a thermocouple extending onto said second 
end of said hollow pin with the hot junction 



thereof substantially coincidental with the 
center of rotation of said hollow sleeve bearing. 

22. A temperature detector, as defined in claim 

21 , wherein said hollow sleeve bearing is made 
5 of a material having high thermal conductivity. 

23. A temperature detector, as defined in claim 

22, wherein said thermocouple is of the iron- 
constantan type. 

24. A temperature detector, as defined in claim 
10 23, wherein said support member is made of 

thermoplastic polyester reinforced with glass 
fiber and said hollow pin is made of steel. 

25. An automatic centering device for center- 
ing a board being conveyed into a machine, said 

15 board having parallel side edges, comprising: 

means providing adjustable spaced parallel 
edges between which said board is conveyed 
with the side edges thereof substantailly parallel 
to said adjustable spaced parallel edges, 

20 reversible motor means, 

screw means, 

said reversible motor means and screw means 
being connected between said adjustable 
spaced parallel edges for effecting lateral 

25 displacement thereof, 

a pair of vertically spaced elongated parallel 
mirrors between which said board is moved as 
said board is conveyed into the machine, said 
mirrors having adjacent first ends and adjacent 

30 second ends and positioned substantially per- 

pendicularly with respect to said adjustable 
spaced parallel edges, 

modulated infrared beam emitting means posi- 
tioned adjacent said first ends of said mirrors, 

35 infrared beam receiving means positioned adja- 

cent said second ends of said mirrors and 
operative to respond to infrared reflections 
therebetween thereby to provide a signal to 
said reversible motor means that said board is 

40 between said mirrors for effecting energization 

thereof in the direction to close said parallel 
edges to center said board, 
a slowing down photocell positioned above 
each of said adjustable spaced parallel edges, 

45 each of said slowing down photocells being 

arranged to respond to the presence of said 
board to provide a signal for effecting a 
decrease in the energization of said reversible 
motor, 

50 a stop photocell positioned above each of said 

adjustable spaced parallel edges and arranged 
to respond to the presence of said board to 
provide a signal for effecting a discontinuance 
of the energization of said reversible motor, and 

55 servocontrol means to which said signals from 

said infrared beam receiving means, slowing 
down photocells, and stop photocells are 
applied for controlling the operation of said 
reversible motor means to close said adjustable 

60 spaced parallel edges to center said board, the 

signals from said slowing down photocells 
being operative to effect a slowing down action 
on said reversible motor means, and the signals 
from said stop photocells being operative to 

65 effect stopping of said reversible motor means, 
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whereby precise centering of said board is 
effected with the side edges thereof parallel to 
said adjustable spaced parallel edges. 
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